Large scalp defects can have any number of etiologies; neoplasms (commonly skin cancer) and trauma are the most common, but burns, infections (including osteomyelitis), and osteoradionecrosis can also cause defects in one or more layers of the scalp and underlying bone.
1,2 Reconstruction of scalp defects can be accomplished by primary closure or with local flaps in some cases, but larger defects, especially those in which the periosteum is absent, require free tissue transfer. Various methods of scalp reconstruction, as guided by the defect components and size, are presented below.
Anatomy
Comprehensive knowledge of the scalp anatomy is essential in reconstructive surgical planning. The cranium is covered, from deep to superficial, with periosteum, loose areolar tissue, the galea aponeurotica, subcutaneous tissue, and skin. The skin of the scalp is the thickest in the body, ranging from 3 to 8 mm in thickness. 3 Blood vessels and nerves that vascularize and innervate the skin run through the subcutaneous tissue, superficial to the galea aponeurotica. The galea is a layer of inelastic tissue that provides strength to the overlying skin and lies in continuity with the frontalis muscle fascia, occipitalis muscle fascia, and temporoparietal fascia. The galea fuses with the pericranium at the linea temporalis and conjoint tendon. The loose areolar tissue provides a potential space between the galea and pericranium; intraoperatively, it allows easy separation of the galea and pericranium, either to complete a superficial resection while leaving vascularized pericranium intact, or to allow elevation of a pericranial flap. The periosteal layer is crucial in scalp reconstruction; when intact, conservative reconstructive options remain viable, including use of acellular dermal matrix or other synthetic materials, placement of free skin grafts, and healing by secondary intention. When the periosteum is absent, however, then vascularized free tissue transfer is often required, as other reconstructive forms can fail. Vascular anatomy is also important, especially when considering free tissue transfer. The superficial temporal vessels can be used as a recipient artery and vein, but they are often smaller caliber vessels, making microvascular anastomosis difficult, and can be prone to spasm with potential flap compromise. The facial/superficial thyroid/lingual and internal maxillary arteries are more robust, as are the external/internal/anterior jugular and retromandibular veins, but these vessels are also significantly farther away from the scalp and may require vein grafts to connect a free flap pedicle to the recipient vessels.
Reconstructive Options in Scalp Reconstruction
The reconstructive ladder is helpful in approaching all scalp defects, and many methods are useful for defects of varying sizes and locations. The ideal reconstruction for patients with scalp defects is (1) simple, (2) durable, and (3) cosmetically acceptable. Further, patients and their families should be comfortable with the required timeline for various reconstructive methods and any accompanying wound care before the final result is achieved. The reconstructive surgeon should also consider whether the patient will require postoperative radiotherapy (RT), and if so, should choose a reconstructive plan that will minimize healing time (so as not to delay the onset of RT) while also providing durable healing that can safely withstand the RT insult. First, healing by secondary intention can be used as a definitive or temporizing measure. Secondary intention is typically a better option for patients with intact periosteum, a concave surface, and lighter skin, 5 but it has been shown to lead to adequate healing in some patients without intact periosteum. 6 Further, healing by secondary intention may be augmented by wound vacuums and other adjuncts. Next, primary closure is an ideal reconstructive method when possible, but it is limited by the tightness of the galea and size of some defects. Previous authors have recommended that defects less than 3 cm in greatest diameter are amenable to primary closure, but larger defects may require an alternative reconstruction.
7 Advancement, rotation, and transposition of local tissue can allow closure of larger defects, but it is also limited by overall defect size. Local flaps are often sufficient for closure of defects less than 50 cm 2 in size when the surrounding tissue has not been devascularized by RT or prior surgery.
8,9
Tissue expansion can increase the amount of locally available skin, but it requires multiple visits over several weeks for (often painful) expansion of implants before definitive wound closure.
10 Skin grafting is useful to cover large defects, but it requires a bed of vascularized tissue (such as the periosteal layer) or risks extensive graft failure. Next, few pedicled regional flaps provide sufficient tissue for coverage of extensive scalp defects, and many cannot reach the apex of the scalp. Thus, for composite defects and extensive defects of the scalp, free tissue transfer may be the only viable reconstructive option.
Free Flap Reconstruction
Free tissue transfer in the reconstruction of scalp defects is indicated for large defects not amenable to simpler reconstructive options or in which simpler options have failed, for reconstruction of previously radiated tissue that has a poor baseline quality, for patients in whom postoperative RT is planned and a more durable reconstruction is necessary, for patients with full-thickness calvarial bone loss, for patients with full-thickness soft tissue defects and absent periosteum, and for patients with chronic infection and compromise of the remaining soft tissue components. flap success rates from all sources are greater than 95%, and partial or total flap loss is rare, making free flap reconstruction an excellent reconstructive option for many patients.
There are a variety of free flap sources for the reconstructive surgeon to consider. A 2012 review found the latissimus dorsi (LD) free flap to be the most commonly used flap in scalp reconstruction, used in 49% of reported cases. 13 The rectus abdominis (RA) free flap was the next most common, used in 17% of cases, followed by anterolateral thigh (ALT) free flap (14% of cases) and the radial forearm free flap (8% of cases). 13 Other sources of free flaps that have been used in scalp reconstruction include the omentum, scapular tissue, and serratus muscle.
14

Latissimus Dorsi
The LD flap has historically been highly utilized in free flap reconstruction of the scalp, and it has many advantages. First, it provides a large amount of tissue allowing it to be used in subtotal or total scalp defects. 15 Next, its vascular pedicle is long with large caliber vessels, making it ideal for microvascular anastamosis. 16 The LD flap can be harvested with or without its overlying skin; in scalp reconstruction, it is commonly harvested as a muscle-only flap then covered by a meshed split thickness skin graft. This method has been shown to provide excellent cosmetic results, as the muscle atrophies over time allowing the flap thickness to approach the natural thickness of the scalp in its completely healed state.
14 Next, a LD flap can be combined with serratus anterior, scapular, and parascapular flaps to allow larger soft-tissue coverage, and, finally, the LD flap can be harvested compositely with rib for calvarial bone reconstruction.
16,17
There are a few disadvantages of the LD flap to consider. First, a disadvantage for many surgeons is intraoperative positioning. Commonly, LD harvest requires lateral decubitus positioning of the patient which may prevent simultaneous neoplasm resection and flap harvest or necessitate intraoperative position changes and lead to longer operation (OR) times.
14 For example, Horn et al noted that a two-team approach was only possible in 24% of LD flaps. 18 The LD can be harvested in a supine position, however, with a bump placed under the shoulder and extension of the ipsilateral arm, and, for surgeons comfortable with this method of harvest, a two-team approach is more feasible. Next, another disadvantage includes removal of a functional muscle leading to secondary shoulder dysfunction. 19 Adams et al found that 35% of patients who underwent LD flaps reported moderate shoulder weakness, and 50% noted persistent back numbness/tightness. 20 A systematic review in 2014
found that LD flap patients reported significant difficulty with sports and art activities after surgery. 21 Further, shoulder weakness can be particularly disabling for wheelchair-bound patients, as they may not be able to manually push their wheelchair. 19 To this end, techniques have been developed to mitigate the potential for shoulder weakness; modifications involving harvest of a partial flap or a musclesparing flap have been shown to decrease morbidity.
17,21
Finally, while the cosmetic result after reconstruction with a LD flap and skin graft are often acceptable, the required skin grafting adds OR time and makes the flap initially more susceptible to damage from shearing forces. Further, LD flaps can have variable postoperative muscle atrophy ultimately affecting the cosmetic outcome and, in some cases, potentially exposing underlying hardware. 19, 22 Overall, however, the LD flap remains a reliable, durable, and cosmetically pleasing option for free flap scalp reconstruction.
Anterolateral Thigh
The ALT flap is rapidly gaining popularity in scalp free flap reconstruction. Although found to be the third most frequently used flap in the Sweeny et al review, 13 Chang et al noted in their review that the ALT was the most common flap reported in literature after the year 2000.
11
The ALT also has many advantages. Importantly, the ALT flap is very amenable to simultaneous scalp resection and flap harvest. Due to its location on the thigh, patients may remain positioned supine with ample space for two teams to fit around each surgical site.
19 A two-team approach shortens operative times. Next, the ALT is a versatile flap that can be harvested as an adipocutaneous, fasciocutaneous, or chimeric flap, 19 and as such, it does not require additional skin graft coverage. The vastus lateralis muscle may be harvested with the flap, as may the tensor fascia lata, either as a free graft or an attached vascular graft to be used in dural reconstruction. 14,23 Additionally, the ALT has been shown to cause minimal functional morbidity. Hanasono et al found that 8% of patients had initial leg weakness or instability at their first postoperative visit, but within 6 months this resolved, and they returned to their preoperative level of activity. This finding held even when large amounts of fascia or vastus lateralis were harvested. 24 Finally, the scar from ALT harvest is easily hidden beneath clothing including shorts. Disadvantages of the ALT flap include its bulkiness and inability to cover total scalp defects. The ALT provides significant tissue bulk, but it is in the form of thicker, less pliable tissue than that from an LD flap. A comparison of LD and ALT flaps noted the mean flap surface of ALT flaps was nearly 50% than that of LD flaps (67.0 vs. 115.8 cm 2 , respectively).
18
Kwee et al, however, report total scalp reconstruction using bilateral ALT flaps, 25 and Lamaris et al report harvesting ALT flaps with median skin island dimensions of 156 cm 2 . 19 The pedicle length of ALTs flaps is comparable to that of LD flaps; however, the pedicle anatomy is more variable, making its harvest more challenging. 14,18 ALT bulk can also contribute to a poorer cosmetic outcome. 14 Despite these disadvantages, though, the ALT flap is becoming one of the staples of scalp reconstruction.
Radial Forearm
The radial forearm flap (RFF) is not commonly used for scalp reconstruction, with Sweeny et al finding it to account for only 8% of reported scalp reconstructions. 13 More surgeons are beginning to note its potential, however, and it remains a viable option for some patients. Specifically, it has been shown to work well for smaller defects (< 7 cm wide) and younger patients with fuller forearms. 13 For large scalp defects, however, the RFF simply cannot provide the soft tissue coverage that an ALT or LD flap can. Regardless, the RFF has many advantages. It has a reliable pedicle anatomy making for simpler dissection and harvest, and it easily allows for a two-team concurrent resection and harvest with shorter OR times. 13 The RFF also has a very long pedicle with good-caliber vessels.
14 In their comparison of RFFs to other flaps in scalp reconstruction, Sweeny et al found that patients who underwent RFF reconstruction had shorter hospital stays and fewer complications than those reconstructed with other flaps.
13
The primary disadvantage of the RFF is its size and its inability to cover total scalp defects. It should only be used in defects less than 200 cm 2 Free Tissue Reconstruction of the Scalp Sokoya et al. 69
decreased over the past two decades. Still, this flap has many advantages. First, it has a reliable anatomy allowing ease of harvest. Next, its location allows a two-team approach with simultaneous tumor extirpation and preparation of recipient vessels with flap harvest. 29 The RA provides significant tissue for total scalp defect coverage, and the donor site is often amenable to primary closure with adequate cosmesis.
29
Finally, the RA flap has a long vascular pedicle that can obviate the need for vein grafting to recipient vessels.
10
The RA also has several disadvantages, however. First, its harvest can increase the risk of hernia formation. Next, while it provides a significant amount of soft tissue, the tissue can be bulkier and less pliable than muscle harvested with an LD flap.
8
The omental free flap is another flap that has been used for subtotal and total scalp reconstruction, covered by a skin graft. 10 The omental flap can provide a large amount of thin, pliable soft tissue with a very long pedicle (> 20 cm) that can easily reach recipient vessels in the neck. 10 The omental flap harvest requires laparotomy, however, and risks postoperative adhesion formation. Finally, the serratus and scapular free flaps have been successfully applied to scalp reconstruction. These flaps can provide significant and bulky soft tissue, and the scapular flap can be harvested in an osteocutaneous fashion. These flaps require prone positioning for harvest, however, which can necessitate an intraoperative position change and lengthen the procedure. Overall, other flaps have become more popular in scalp reconstruction due to ease of harvest.
Conclusion
Free tissue transfer is a reliable, durable method for reconstructing large defects of the scalp. The LD is the most commonly used flap, although the ALT and others have also been repeatedly shown to lead to successful reconstruction. When approaching a scalp defect, the reconstructive surgeon should consider not only the defect size and anatomic components, but also the patient condition and goals in identifying the ideal reconstructive plan.
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